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Abstract ： 
Due to the contribution of protein modeling, many novel protein molecules 
and reactants are created. These new products are invented by trial and error. 
However, this is not an effective and efficient method. In biochemical theory, the 
function of a protein molecule is dictated by its three dimensional structure which, 
in turn, is controlled by its amino acid sequence. Useful and practical protein 
molecules can be invented if the relationship between a protein sequence and its 
three dimensional structure is discovered. There are many methods trying to predict 
the three dimensional structure of protein molecules. Nevertheless, the results of 
prediction are not good enough. A new methodology, based on geometry and the 
characteristics of the structure of an amino acid, is proposed. In protein secondary 
structure prediction, the results of prediction of 16 protein molecules are slightly 
better than other methods. In protein tertiary structure prediction, a reasonably 
good result has been obtained for a tricosanthin molecule. Moreover, the tertiary 
structure of a protein molecule having about 200 amino acids can be obtained 
within 10 minutes. It is a faster and cheaper method, compared with the energy 
minimization method. 
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Chapter 1 
Protein Modeling 
In recent years, biotechnology becomes a hot topic all over the world. 
Twenty years ago, useful enzymes and vaccines were either produced by chemical 
synthesis or extracted from living organisms. The yield was low and the cost of 
production was very expensive. Moreover, many side effects were induced when the 
patients used these materials because of the existence of impurities. Fortunately, 
the world has changed. The impossible becomes possible. We can easily obtain 
highly purified enzymes by biochemical methods. Furthermore, biochemical 
products are widely used in different areas. In the military, there are many 
chemical and biological weapons. In industry, different kinds of enzymes are used 
to improve productivity. Moreover, in environmental protection, bacteria can be 
used to degrade useless materials into useful elements or to extract useful materials 
from waste. It shows that biochemical products are not only valuable but also 
profitable. Therefore, many countries put much effort to develop biotechnology. 
1.1 Genetic Engineering 
There are two areas in biotechnology. The first one is "Genetic 
Engineering". In this aspect, information on genetics is used to produce useful 
matter. Insulin is one of the successful substances produced by this method. The 
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life cyde of bacteria is very short, a generation is about 20 minutes. Hence, in 
several hours, a large amount of bacteria can be produced if suitable nutriment is 
provided. This powerful reproduction of bacteria is utilized by scientists. They 
implant the gene of insulin in bacteria. A great deal of insulin can be made within 
several hours. 
12 Protein Engineering 
The objective of protein engineering is to modify the function of protein 
水 molecules so that the novel ptoiein： moleculeslffii Re used to improve human life. 
12.1 The Basic Concept 
. ^ I n h e r e n t 
DNA ^ �mi二。 
^ Acid . r . . 
information in living 
^ ^ ^ R e g u l a t e o r g a n i s m s is carried by 
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Figure 1. The sequence of c o n t r o l f low consecutive DNA bases 
f r om DNA t o b i o c h e m i c a l r e a c t i o n s • 
dictate the formation of 
an amino acid. An amino acid chain forms a protein molecule. Protein molecules 
in living organisms regulate the biochemical reactions so that living organisms can 
function normally. 
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12,2 The importance of protein modeling 
Protein modeling is another branch of protein engineering. The purpose of 
protein engineering is to investigate the relationship between structure and function 
of protein molecules. The chemical reaction between a protein molecule and its 
reactant is quite different from general chemical reactions. Although a protein 
molecule is large in size, the reaction only occurs in a specific site which is called 
active site. Furthermore, the chemical reaction only occurs when the structure 
between a protein molecule and its reactant is complementary. Hence, due to this 
^ specific selectivity, the catalytic'^performance" Sf^oteiii molecules is more efficient 
than other chemical catalysts. 
In fact, the function of a protein molecule is dictated by its three 
dimensional structure. However, the three dimensional structure of a protein 
molecule is determined by its amino acid sequence. From figure 1, it is easily seen 
that modifying either the structure of a DNA or an amino acid can change the 
structure of a protein molecule. 
There are many advantages if the secrets between the structure and function 
of protein molecules are discovered. 
1. The function of protein molecules can be estimated while their structures 
are found. 
2. The structure of protein molecules can be predicted if their functions are 
known. 
3. Novel protein molecules with special functions can be created as you like. 
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1«2.3 Applications 
Protein engineering, in fact, is employed in different aspects. There is only 
a brief description of its application in industry and medicine. 
1 .^3.1 Industry 
Subtilisin is one of the good examples to elucidate the success of protein 
engineering in industry. It is significant that subtilisin represents the largest 
industrial enzyme market, primarily as an additive in laundry detergents[73]. 
•. ^ “ — 、 、 • 雄 — 
Mutants of subtilisin are created in order to investigate the changes of (i) 
the chemical activities, (ii) the thermal stability and (iii) the resistance to oxidizing 
agents. Different mutants are invented by replacing only one amino acid from the 
native subtilisin. As a result, mutants of subtilisin having different characteristics 
are formed. Some mutants still exert chemical activities in a high temperature 
environment. Although some mutants would not collapse in strong oxidizing agents, 
they would not exert chemical activities. Therefore, due to these special 
characteristics, suitable mutants can be chosen in order to improve productivity at 
different situations. 
1.2.3.2 Medicine 
Angiotensin-Converting Enzyme (ACE) is another good example to show 
the achievement of protein engineering. In biochemical reactions, reactants have 
intention to join together if their structures are complementary to each other. 
According to this phenomenon, a strong inhibitor, namely, captopril, is designed to 
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inhibit the function of ACE [58]. When ACE captures captopril, ACE cannot digest 
captopril. The normal function of ACE, increases the blood pressure, cannot be 
exerted. Hence, captopril is good news to hypertensive people. 
1.3 The structure of protein molecules 
Before we discuss the predicting algorithms in protein structure, the 
structure of protein molecules should be first introduced. 
- . - T h e basic building bloc^of - ? ~ 
Carboxyl 
Amino group 
a protein molecule is amino acid. gr�up coo 
. Hydrogen 
^ ^ 十H N 一 d — H ^ atom 
An amino acid consists of an C H — amino group, a carboxyl group, a 
3 3 
hydrogen atom and a distinctive 
Val ine (Val) 
group of atoms which is referred Ugure 2. The s t r u c t u r e o f an 
amino acid -- Valine. 
as a side chain group "R". The 
amino group of an amino acid attaches to the carboxyl group of another amino acid 
to form a peptide bond. Many amino acids, usually more than a hundred, are 
joined by peptide bond to form a chain, which is an unbranched structure. A 
protein chain consists of a regularly repeating part, called the main chain, and a 
variable part, comprising the distinctive side chains. 
In protein architecture, it is convenient to refer to four levels of structure. 
The primary structure is simply the sequence of amino acid. The secondary 










Figure 3. The primary structure of a protein molecule 
(bovine ribonuclease)• 
� and firtum. The tertiary stmctiife mentions theiS^fei^l steric arrangement of amino 
acids in protein molecules. Protein molecules, in nature, would comprise one or 
more amino acid chains. The three r ~ T ~ “ ~ — 
dimensional structure of one single / \ r \ / \ 
® \ \ / V^ 
amino acid chain is called a A / \ m 
"subunit". Protein molecules 
containing more than one amino ^ ^ 
0.15 nn rise 100 degree rotation acid chain display an additional 
静 The alpha carbon of an amino aicd 
level of structural organization, Figure 4. The a l p h a h e l i c a l 
structure of a protein fragment. 
namely, quaternary structure which 
refers to the way in which the chains are packed together. If a protein molecule is 
only made of one amino acid chain, this protein molecule would not have 
quaternary structure. 
6 
Chanin formation direction 
^ Chanin formation direction 
®Tlie alphg^ c^arbon of an. §LjUii.a acid £ - •  r^- • •  Figure 5. The structure of an anti-parallel beta sheet. 
I 4 I 
® w y 
The chain foramtion direction 
©The alpna carbon of amino acid Figure 6. The structure of a beta turn. 
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Chapter 2 
About This Thesis 
Before we discuss the objective of this thesis, the current predictive methods 
in protein tertiary structure are first introduced. Afterwards, the techniques in 
• 、、"^ ：兰fr- • »•. ^ 
artificial intelligence and computer graphics are described. Furthermore, there are 
explanations stating why artificial intelligence and computer graphics are especially 
suitable for protein modeling. 
2.1 Methods on protein tertiaiy structure prediction 
The polypeptide chain of a globular protein molecule is linear, but its 
tertiary structure is quite compact. This was apparent from the first crystallographic 
determination of the structure of a protein molecule by Kendrew et al in 1960. The 
compact form of protein molecules need to satisfy many interactions, such as 
hydrogen-bonding and hydrophobic interactions. It is difficult to predict the three 
dimensional structure of a protein molecule since many factors are involved. 
However, still many predictive methods are proposed, namely, energy minimization, 
sequence homology and hierarchical assembly method. 
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2.1.1 Energy minimization method [27] 
Free energy is a measurable quantity to represent the state of a molecule. 
The higher the free energy of a molecule owns, the higher the reaction activity of 
a molecule possesses. A molecule would occur in different conformations with 
different free energy values. Among these states, a molecule with the lowest free 
energy value would have a most stable form. There are two general methods in 
energy minimization. 
� a. “ The first method involves* minimization o f t t ^ overall energy by adjustment 
of conformational parameters. It can be applied to the full covalent 
structure of a protein molecule or to idealized representations using 
modified potential functions. [27] 
b. The second one is based on calculations of molecular dynamics. In a 
definite time domain, this method simulates the motion of a molecule. 
Both procedures follow physically realizable paths according to small 
incremental changes in structure. At the present stage of development, neither 
approach has been able to fold an extended chain into its known compact native 
conformation without using constrained potential functions. 
2.1.2 Sequence homology method [57] 
The assumption of sequence homology is quite simple. The amino acid 
sequence of a protein molecule determines the higher order structures of a protein 
molecule. Protein molecules with similar primary structure would have similar 
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tertiary structure. To find the tertiary structure of a protein molecule, it is sufficient 
to find a primary structure of a protein molecule. A database containing protein 
primary structures and their related tertiary structures must be first developed 
before using the sequence homology method. 
There are two approaches in the sequence homology method. First, a 
protein molecule, let say "protein A", with known primary structure but unknown 
tertiary structure is compared with all the amino acid sequences in a database. A 
‘ protein molecule in a database with primary stfagtaie most similar to "protein A", 
let say "protein B", is chosen. It is because the higher the similarity in primary 
structure, the higher is the similarity in tertiary structure. Therefore, the tertiary 
structure of "protein A" can be determined by slightly modifying the tertiary 
structure of "protein B". Nevertheless, there are not enough protein molecules 
whose tertiary structures are known. Therefore, it is hard to find a protein molecule 
with primary structure highly similar to an unknown protein molecule. 
An alternative method is to use a statistical approach to find the protein 
tertiary structure. Parts of an amino acid sequence, let say "Protein C" are 
compared with records in a database so as to find the most similar protein 
segments. The similar segments obtained from comparison may come from 
different protein molecules. These segments with their corresponding tertiary 
structures are then assembled into the final tertiary structure of "Protein C". 
However, the results of this method are often not acceptable. 
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2.1.3 Hierarchical assembly method [24] 
In contrast to these methods, another approach, called hierarchical assembly 
method, disregards any explicit consideration of energy terms and concentrates 
solely on probable geometry, based on examples from the known structures of 
protein molecules. This method is not related to the physically realizable process. 
It is only a heuristic procedure dependent heavily on analyses of the known protein 
structures. This method is conveniently divided into three stages : 
� a. ‘ Determine the secondary structures 估 molecule from its primary 
structure, e.g. Chou and Fasman [7,8,9], Lim [48,49], Garnier [32,33]. 
b. Determine an approximate tertiary fold by packing the secondary structures, 
e.g. Ptitsyn and Rashin, Cohen [24], 
c. Calculate the native conformation by refining the tertiary fold. 
The predictive rules are obtained from a cluster of protein molecules which 
are not related to each other. This is the advantage of this predicting method. 
However, the results of prediction are not good enough. It is because this kind of 
method involves three steps. Error occurring in any one of these steps would cause 
incorrect results of prediction. In protein secondary structure prediction, the best 
result is not more than 70% [24]. Thus, low predicting results are unavoidable. 
2J2 Artificial intelligence and molecular modeling 
Solving general problems instead of traditional algorithmic problems is the 
aim of "Artificial Intelligence". The main difference between artificial intelligence 
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and arithmetic processing is symbol manipulation. Artificial intelligence can 
manipulate different symbols but arithmetic algorithms cannot. Many artificial 
intelligent programs including heuristic rules instead of algorithms can solve some 
problems which have not definite answer. These problems must be solved by 
previous experiences or practices. 
The structure of a protein molecule is very complicated. A protein molecule 
always consists of more than a hundred of atoms. Atoms in a protein molecule 
� forms a special structure which provides a dSSffim biothemical function. Many 
chemical restraints govern the formation of a protein molecule. These restraints 
are: 
a. distance between two atoms 
b. rotation angle between two atoms 
c. dipole-dipole interaction 
d. Van der Waals force interaction 
e. overall free energy 
Therefore, it seems difficult to predict the structure of a protein molecule 
using traditional arithmetic algorithms. However, the technique "Constraint" [68,69] 
in artificial intelligence is especially suitable for protein modeling. Constraints can 
be formulated into rules which are arranged in a descending order of their 
importance. Rules are selected from this ordered list. The most important one is 
first used to see whether it is suitable for solving the problem or not. 
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2.3 Computer graphics and molecule display [28] 
The radius of an atom is about 10"�m. This size cannot be visualized by 
electronic microscope, let alone the human eyes. How can scientists investigate 
molecules without seeing them? A molecule is composed of atoms and chemical 
bondings. Traditionally, a molecule is represented by the ball-and-stick model. 
Atoms are represented by balls and chemical bondings are represented by sticks. 
It is time-consuming to construct a physical model of a molecule by hand. 
Furthermore, it is difficult to investigate a chemical reaction between two 
� molecules using a rigid molecular model. ‘ 
Fortunately, techniques in computer graphics can solve the above-mentioned 
problems. The graphic image of a molecule can be displayed on a screen in a few 
minutes. This whole graphic image can be manipulated by the user. He/she can 
translate, rotate the whole object, enlarge or reduce its size. Furthermore, he/she 
can change the subtended angle between two chemical bondings or the relative 
positions of atoms. Moreover, the process of molecular reactions can be displayed 
on a screen by the animation techniques. The information on the change of 
reaction energy, the change of the shape of molecules or the possible products of 
a reaction can be collected by scientists. Hence, computer graphics is a useful tool 
to investigate molecular structure. 
2.3.1 Molecular model in computer graphics 
Electrons of an atom move around the atomic nucleus. In Bohr's model, 
only the electronic density of an atom can be estimated. The exact position of an 
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electron cannot be determined. Hence, no one knows the "real" picture of an atom. 
Use of computer graphics here is, not to display the actual picture of an 
atom, but to describe the characteristics of a molecule, namely, electronic density, 
bond angles, relative positions of atoms and so on. However, a picture cannot show 
all the characteristics of a molecule. Different kinds of pictures depict different 
kinds of molecular properties. Therefore, different molecular models are 
established to reveal different kinds of characteristics of a molecule. 
« • . 礞 ... : r•广 * 
In general, there are four molecular models, namely, ball-and-stick, 
isoelectric surface, vector and amino acid residue. 
a. Ball-and-Stick model 
In the ball-and-stick representation, balls with different sizes and 
different colours represent different atoms. The bond length, relative 
positions of atoms and the overall steric structure of a molecule can be 
captured by scientists. Scientists would feel comfortable since this picture 
looks like the physical model of a molecule. However, the graphic image on 
a screen is so complicated that this picture is not suitable for interactive 
manipulation. 
b. Isoelectric surface model 
The electronic density of an atom is the main theme to be displayed 
in this model. The electronic density is represented by combinations of dots. 
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Hence, a surface rather than a sphere is shown. The electronic density of 
atoms are additive, therefore, the overall electronic surface of a molecule 
can be displayed. Some special structures such as groove, cleft, hole or 
channel can be distinguished. The reaction sites of two molecules are always 
identified by this method. 
c. Vector model 
In this kind of picture, there are only lines on a screen. A line 
* • represents covalent bond and the ihteTSfCtiori point between two lines 
represents an atom. The information provided by this model is inadequate. 
It only describes the rough overall structure of a molecule. Nevertheless, the 
graphic image is quite simple, it is especially suitable for interactive 
manipulation and animation. 
d. Amino acid residue model 
In protein modeling, the secondary structures of a protein molecule 
are important parts to be investigated. It is difficult to extract the 
information of a protein secondary structure from previous methods. It is 
because the vector model is too simple but the ball-and-stick model is too 
complicated. The amino acid residue representation is the best solution. 
This model is a romnromise between the rbarartenstirs of the 
model and the vector model The ball in the amino acid residue model 
represents an amino acid residue rather than an atom. The stick represents 
the linkage between two amino acid residues rather than the covalent bond. 
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The whole picture of a protein molecule is simplified. The skeleton, 
especially the secondary structures, of a protein molecule is revealed. 
2.3*2 Interactive graphic operations 
An object with three-dimensional (3D) structure cannot be displayed on a 
screen comprehensively. It is because a screen only has a two-dimensional display 
surface. A 3D object, such as a molecule, must be transformed into a 2D view 
when displayed on a screen. In mathematics, there are many functions to map 
* coordinates from three-dimensional into twd-'dfti^tsiorial. Some characteristics of 
a 3D object are lost when it is compressed into a 2D view. Part of this object must 
be obscured by the other parts of this object. There are operations that can be used 
to manipulate objects so that all the properties of objects can be displayed on a 
screen. The operations are : translation, rotation, scaling, zooming in and zooming 
out. 
The height and width of a screen are fixed. If a molecule is too large to be 
displayed on a screen, part of this molecule is missing on a screen. Fortunately, a 
molecule can be moved along X- or Y- direction. Similarly, a molecule can be 
rotated about X-, Y- and Z-axis. The hidden part of a molecule can be moved to 
a suitable position so that it can be displayed on a screen. It is very easy to operate 
the rotation and translation fiinrtion hv cnerrfvina the ^vk and the value to hp 
‘ J 
rotated or translated respectively. 
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However, translation and rotation cannot alter the size of a molecule. There 
must exist an operation to change the size of an object. Scaling is a function that 
can enlarge or reduce the size of an object. 
In research, scientists are not always interested in the whole molecule. 
He/she may only be concerned with part of a molecule such as the reaction site. 
This reaction site is possibly composed of only several atoms. Hence, a zoom-in 
operation must be provided. He/she can select a particular area in a screen and 
» then magnify it. The advantage is that the use'riSft'icoricentrate to study the desired 
part that they are interested in. Similarly, a zoom-out command can be used to 
display the whole molecule on a screen. 
2.4 The objective of this thesis 
The best way to describe the structural information of a protein molecule 
is the three dimensional coordinates of its atoms. During the past ten years, many 
predicting algorithms in protein tertiary structure were proposed and implemented. 
However, their predictive results were not acceptable. The most successful one was 
70% accurate. Furthermore, these algorithms used a lot of computer time, say, 
several hours of CPU time on supercomputer. 
The objective of this project is to predict the tertiary structure of protein 
molecules in an improved way and to develop a fast method for the prediction. 
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After studying the hierarchical assembly, energy minimization, sequence 
homology methods for protein tertiary structure prediction, we have decided to 
adopt the idea of the hierarchical assembly method. The reasons are : 
i The concept of the hierarchical assembly method is similar to the protein 
folding mechanism. In protein folding, secondary structure fragments are 
first formed. Afterwards, these fragments are joined together and finally a 
compact form of a protein molecule is developed. 
•• . • .v., -
ii There are many forces to stabilize a protein tertiary structure in nature. 
However, it is difficult to formulate the forces. Moreover, there are many 
unknown factors affecting the protein tertiary structure. In addition, the 
energy minimization method is quite an expensive method since large 
amount of CPU time is involved. 
iii In the sequence homology method, a database containing the primary and 
tertiary structures of protein molecules must be set up first. It is because our 
research group has no information on the tertiary structure of protein 
molecules, the sequence homology method is not considered. 
Our methodoloev in Drotein tertiarv structure orediction is comoosed of two 
steps. The hydrophobicity and the secondary structures of a protein molecule are 
first determined. Then, the compact form of a protein molecule is assembled by the 
protein secondary structures. The algorithm in hydrophobicity determination and 
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protein secondary structure prediction are described in detail in Chapter 3. The 
methodology that assembles a protein molecule from its secondary structures to its 
tertiary structure is depicted in Chapter 4. In Chapter 5, the equipment, special 
features, memory and data structures used by our algorithms are fully discussed. 
The results of our predictions are reported in Chapter 6. Furthermore, the 








A protein molecule is composed of amino acids. The properties of an amino 
acid would directly affect the characteristics of a protein molecule. Therefore, 
investigating the properties of an amino acid is an important step to estimate the 
tertiary structure of a protein molecule. 
Solubility is one of the properties of an amino acid. An amino acid has 
different solubility in different solvents. In chemistry, there is an empirical rule 
called "like dissolves like". It means that molecules which have similar properties 
dissolve in each other. For example, oily materials dissolve in carbon tetrachloride 
A quantity which measures the solubility of a substance in polar solvent 
(such as water) is called hydrophobic value. The word "hydrophobic" means "hate 
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water". An amino acid which has a high hydrophobic value indicates that it has a 
low solubility in polar solvent. 
Based on solubility, protein molecules can be classified into two categories: 
globular protein and membrane protein molecules. Globular protein molecules 
usually dissolve in polar solvent whereas membrane protein molecules dissolve in 
non-polar solvent. The environment of globular protein molecules is polar. Amino 
acids which possess high hydrophobic values are surrounded by other amino acids 
with low hydrophobic values. However, the sStttatioh is reversed in membrane 
protein molecules. The environment of membrane protein molecules is non-polar. 
Amino acids with high hydrophobic values are located on the surface of membrane 
protein molecules. The distribution of amino acids in such a way maintains the 
protein structure and minimizes the unstable factors. 
The primary structure of a protein molecule is linear. Amino acids are 
linked one by one. The hydrophobic value of an amino acid, in fact, is affected by 
other amino acids near it. The hydrophobic value of each amino acid is determined 
by chemical experiments. However, the hydrophobic value of an amino acid in a 
protein chain is calculated by the following equation [24]. 
i+n u 
H=人刀〜 (1) 
1 2/7 + 1 [丄 J 
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The hydrophobic value of the i th amino acid is equal to the mean value of 
hydrophobic value from i-n th to /+«th amino acids, where n is an arbitrary value. 
The value (2n+l) is called window size. The hydrophobic value of an amino acid 
in a protein chain changes if the size of window varies. According to different 
experiments, better results of prediction are obtained when the window size is 5, 
7 or 9 [24,36]. 
Three protein molecules that have membrane affiliation are illustrated in Figure 
7. In the upper panel, amino acids from 75-94 are recognized as membrane-
spanning segment. Similarly, amino acids from 110-130 in the middle panel and 
amino acids from 470-490 in the lower panel are also clearly classified as 
membrane-spanning fragment. From the results in Figure 7，the location of amino 
acids in a protein molecule can roughly be estimated by the hydrophobic values. 
32 Algorithms for protein secondaiy structure prediction 
In protein molecules, groups of amino acids would form a locally well-
defined secondary structure such as helix or sheet. In the folding process of a 
protein molecule, these special structures are first formed in order to reduce the 
free energy of a protein molecule. Then, the protein tertiary structure is assembled 
by these secondary structures. Therefore, before developing a method in protein 
tertiary structure nrediction. an algorithm for nrotpin <;eron(i^ rv ctmrtiTrp nr户di.rtion 
must be created first. 
22 
4 
f _ 竇 • 1 • I • — ， 一 馨 • 一 T ‘ 1 — 1 \ 奶 GLYC 7 _ 40 ‘ 




• i L I 1 — • “ * 丄 ‘‘ o 20 40 GO 80 100 ,20 140 Sequence nufnbcr 
• 丨 . ， - • .. •• I - , • •_— 1 - -y 1 
VSVG 7 
； . ? . 
* _ * 一 _ - . — ..I it Jt _ • . J . — » . ... J - « 380 400 420 440 460 490 500 520 
Figure 7 . The hydrophobic plot of three protein molecules. 
The window size is 7. 
32.1 The Chou and Fasman Method 
The most famous method in protein secondary structure prediction is 
proposed by Chou and Fasman. Their method is based on the protein tertiary 
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structure that have been determined by the X-ray crystallography. The tertiary 
structure of 15 protein molecules with 2473 amino acids were carefully examined. 
The occurrence of each amino acid in different secondary structures was recorded. 
Three sets of parameters were deduced by statistical method. Furthermore, by 
observing the characteristics of different secondary structures, some rules were 
finalized. The helical, sheet and turn structures were predicted by these parameters 
and rules [7,24]. 
3丄1.1 Method 
Amino acids in helical and sheet structure can be divided into six groups, 
strong former, former, weak former, indifferent former, weak breaker and strong 
breaker. Two weak formers were treated as one former. 
Rules in helical structure prediction 
1. At least 4 helical formers exist within 6 amino acids. 
2. According to the helical parameters, the mean value of these 6 amino acids 
is greater than or equal to 1.03. 
3. Helical structure is terminated by helical breaker or strong helical breaker. 
4. Amino acid "Proline" cannot occur in helical structure. 
Rules in sheet structure prediction 
1. At least 3 sheet formers exist within 5 amino acids. 
2. According to the sheet parameters, the mean value of these 5 amino acids 
is greater than or equal to 1.00. 
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Rules in turn structure prediction 
1. According to the turn parameters, the product of 4 consecutive amino acids 
is greater than 0.75 * 
(Algorithm in Appendix B) 
32.12 Results 
Chou and Fasman claimed that their prediction method had 80%, 86% and 
90% accuracy in helical, sheet and turn structures respectively. However, the results 
of the computerized Chou and Fasman method was not as high as that described 
by Chou and Fasman. The overall results of prediction from computer program was 
only 55% in accuracy [56]. 
In Chou and Fasman method, an amino acid in a protein molecule might 
be predicted as helix, sheet and turn independently. However, an amino acid in a 
protein molecule could only belong to one of the secondary structures. If the state 
of an amino acid in a protein molecule is predicted in more than one secondary 
structures, this phenomenon is called "regional overlapping problem". In Chou and 
Fasman method, they solved this problem by their knowledge and experience. 
However, these knowledge and experience were not formulated into rules. Hence, 
their results of prediction was better than that of their computerized method. 
Therefore, Nishikawa regarded that the Chou and Fasman method was Qualitative 
rather than quantitative [56]. 
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32.2 The GOR method 
Garnier and his colleagues developed another prediction method using 
information theory which was based on probability considerations. This method is 
called GOR method for the sake of convenience. 
3^,2.1 Theoiy 
Each amino acid has different probabilities to occur in different secondary 
structures. However, an amino acid in a definite position of a protein molecule 
should belong only to a particular secondary structure. The probability of an amino 
acid that belonging to different secondary structures were calculated. For example, 
the probabilities of an alanine occurring in helical, sheet and turn structures of a 
particular molecule were predicted as 0.6, 0.3 and 0.1 respectively. Thus, in the 
GOR method, this alanine would be predicted to occur in a helical structure. 
Method and results 
Gamier and his colleagues believed that the state of an amino acid was 
affected by other amino acids near it. (Just like the hydrophobic value of an amino 
acid in a protein sequence). For each amino acid, they defined that 16 amino acids 
occurring on its two sides might be considered simultaneously. The occurring 
probabilities of each amino acid in different secondary structures were derived 
from 26 protein molecules with about 4500 amino acids�331. CAleorithm in 
Appendix C) 
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The results of the GOR prediction method is 63% [56]. Simple theoretical 
basis and easy implementation on computer are the advantages of the GOR 
method. Moreover, the individual results of the GOR method do not conflict with 
each other. This is the great difference between the Chou and Fasman method and 
the GOR method. In real life, the helical structures of a protein molecule are 
always composed of at least 4 amino acids. Turn and sheet structures are usually 
composed of at least 3 amino acids. However, the results of the GOR method do 
not always match these phenomena. This is the major weakness of the GOR 
method. 
Lim did not use statistical approach to predict the protein secondary 
structures. He, based on the physio-chemical properties of amino acids, proposed 
another kind of prediction method. The secondary structures of a protein molecule 
were predicted according to the charge, size, shape and other properties of amino 
acids. He announced that the results of his method in helical and sheet structures 
were 80% and 85% respectively [48,49]. 
Nishikawa in detail analyzed the regional overlapping problem of the Chou 
and Fasman method. He described four types of regional overlap. He suggested 
that when a regional overlap occurs, we should not only concern the overlapping 
region, but the whole structure of a helix and a sheet in the overlapping region 
should be considered. 
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For example, the • i ^ H H I “ “ 
type II in Figure 8 IBllll丨l-ii 丨丨丨丨丨iii 
A. Type I indicates that the entire 
a b c d 
region from a to d must H ^ H H ^ M I ^ H > 
be carefully examined 丨 丨 
rather than the region b Type n ^ ^ H M B C D 
from b to c. • I ^ H 
C Type III 
— — H i 
D Type IV Mult iple overlap 
Alpha-helix I H H 
beta-sheet ^ ^ ^ ^ ^ ^ ^ 
Figure 8. The possible types of regional 
overlap occur between helical and sheet 
region. 
3.3 A proposed algorithm 
After studying these prediction methods, some rules are formulated to 
predict the protein secondary structures. 
First, the Chou and Fasman method is used to predict protein secondary 
structure individually. The regions predicted as turn structure are selected 
regardless of regional overlapping problem. Second, our algorithm would select the 
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‘~一 secondary structure which has a 
higher independent predictive 
value than the other structures. 
(A) (B) 
J H ^ / g j ^ ^ ^ ^ H (The cases of regional overlap are 
i — illustrated in Figure. 9) 
(C) 
Third, a function is created - IMMMIHMImMMMllMHMMTOa •gawBgaaaMIMHWP— wmmmmmmmmssmsim iiiiiiHIiillillilllllllliiiitiiiiiiiiiii • “ • 一 
to join two helical or sheet 
(D) (E) 
^ ^ ^ ^ ^ ^ structures when they are separated 
• I — by a random coil structure. The 
(F) joined structure must obey the 
Alpha-helix m | | | | | | | | prediction rules in Chou and 
beta-sheet ggggffigffigffi^ M 
Fasman method. 
Figure 9. The six possible cases 
that two regions are overlapped 
with each other. 
Finally, a helical fragment which has no more than 4 amino acids and a 
sheet structure which has less than 3 amino acids are predicted as random coil 
structure. This rule is to eliminate the fatal weakness of the GOR method. 
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33.1 Procedure of our algorithm p"™"™™™ • — — H 
The aim of our algorithm is jom function 
to eliminate the weakness of the iMiiiiiiiiiiiiiiiiiiiiiii丨丨圓iiiiii圓圓圓ii|_ 
GOR and the Chou and Fasman 
, , T-, J I — — Sheet or helical structure 
method. Furthermore, our ••••丨“丨丨丨 
I I random coil algorithm is expected to be easily p i p r e 10. The p u r p o s e o f t h e 
join function. implemented on computer. The 
procedure of our prediction algorithm can be summarized as follows : 
1. Find the protein secondary structures individually. 
2. Select turn structures. 
3. Select other secondary structures in the rest of the protein chain. 
4. Try to join helical and sheet fragments if possible. 
5. If overlap regions occur, try to solve them. 
6. Try to join helical and sheet fragments again. 
7. Ineligible helical and sheet fragments are assigned as random coil. 
8. Amino acid residues without assigned as helical, sheet or turn structure are 
assigned as random coil. 
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Chapter 4 
A protein tertiary structure 
prediction method 
The ultimate concern of protein modeling is to determine the positions of 
atoms in a protein molecule. 
Amino acids are added one by one to form a linear chain which is the 
primary structure of a protein molecule. The linkage between two amino acids is 
called a peptide bond. Some amino acids fold into a special structure such as helix, 
sheet or turn. These special structures are called secondary structures of a protein 
molecule. These secondary structures are finally packed into a compact structure 
which is called protein tertiary structure. 
According to the above-mentioned characteristics, this chapter describes how 
to determine 
(i) the coordinates of atoms in a peptide bond, 
(ii) the coordinates of atoms in the protein secondary structures, and 
(iii) the coordinates of atoms in a protein molecule. 
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4.1 The Linkage between two amino acids. 
Each amino acid consists of an amino group, a carboxyl group and a side 
chain group which is always denoted by "R". Different kinds of amino acids would 
have different structures in their side chain group "R". The side chain group of 
glycine only contains a hydrogen atom. In alanine, a methyl group (CHj) instead 
of a hydrogen atom is in side chain group "R". 
Atoms in an amino acid can ~ 
rotate freely. But due to repulsive force 
of other atoms in the same amino acid, \ ^ 
120 V 
the bond length and subtended angle 
l o g 5 
between two atoms are fixed. The basic 10 9 . 5 C ) ^ z V 
skeleton of an amino acid is shown in \ 
Figure 11. R 109 5 ^ 
Figure 11. The basic skeleton 
of an amino acid. 
The amino group of the first amino acid combines with the carboxyl group 
of the second amino acid to form a peptide bond. At the same time, a water 
molecule is produced. Figure 12 illustrates atoms involved in a peptide bond 
formation. Furthermore, atoms with label 1 to 5 are lying on the same plane which 
is called "peptide plane". 
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There are some assumptions for us to easily determine the coordinates of 
atoms in a peptide plane. 
(i) The relative positions of atoms in different amino acids must be fixed first. 
(ii) The peptide plane is assumed lying on the X-Y plane, i.e. the Z-coordinate 
of atoms are equal to zero. 
(iii) The alpha carbon atom of the first amino acid is on the origin (0,0,0), and 
(iv) the nitrogen atom of the first amino acid is on the X-axis (X,0,0). 
The bond length 
q 
0 \ 0 between a nitrogen 
\ 广 4 
\ \ 120广 \ atom and a carbon 
C \ 120 \\ ( C 
\ / \ \ y ^ V atom in a peptide bond 
\ /K 120 V vr • 川 
C N \ \ C N is 1.32 A (1 X 10-7 以 m). 
1 2 \ 5 
1 St amino acid 、 2 nd amino acid The subtended angle of 
a ni t rogen atom 
Figure 12. Atoms involve in a peptide 
bond fo rma t ion . between two carbon 
atoms is 120 degrees. In Figure 13, the coordinates of the carbon atom (XI, Yl) 
can be calculated by the following equations 
XI = X + 1.32 cos(60。） 
Yl = 1.32 * sin(60。） 
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The bond length between a carbon and an oxygen atom in a peptide plane is 1.22 
• 參 A. The distance between a carbon and a carbon atom is 1.38 A. 
0 CX1.Y2) 
C (X2.Y3) C K__ 
(0-0) (X.O) > < 
X anino acid Y anino acid 
XI = X * 1.32 cos (60) Y1 = 1.32 * Sin (60) 
Figure 13. The coordinates of atoms in two amino acids. 
Thus 
Y2 = Y1 + 1.22 
X2 = XI + 1.38 » cos(30o) 
Y3 = Y1 - 1.38 * sin(30。） 
Similarly, the coordinates of other atoms in these two amino acids can be 
determined. 
4.2 Rotation angle between two peptide planes 
When the rotation angle between two peptide planes changes periodically, 
different protein secondary structures are formed. The rotation angle between two 
peptide planes is an important factor to determine the coordinates of atoms in a 
protein secondary structure. 
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4*2.1 Helical structure 
The alpha carbon atom of the first amino acid in a helical structure is 100* 
apart from the alpha carbon atom of the second amino acid. The perpendicular 
displacement of these two atoms is 1.5A. It implies that the rotation angle between 
two peptide planes is lOOA. 
4丄1.1 Concept 
In a helical structure formation, the first peptide plane is placed on the X-Y 
plane. The second peptide plane is placed on the positive X-Z plane, making an 
angle 109.5�to the first peptide plane. This picture is shown in (a) of Figure 14. 
, . „ Z-axis z ^ ^ Z-axis 八 Y-axis 
. _ ^ X-axis _ \ \ Z X-axis 
\ V 
<a) (b� 
Y-axis Z-axis y-axls Z-axis八 
^ ^ ^ X-Qxis -s—^ X-axis 
(c� <d) 
Figure 14 • The process of peptide planes formation in a 
helical structure. 
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Afterwards, the second peptide plane is rotated 100�about the X-axis. 
Before the third peptide plane is attached to the second peptide plane, the second 
peptide plane must be moved to the X-Y plane first. At the same time, the first 
peptide plane is also moved to the corresponding position. Figure 14 (b) and figure 
14 (c) show the above-mentioned phenomena. 
The third peptide plane is then connected to the second peptide plane with 
a subtended angle 109.5�• The third peptide plane is rotated 100�about the X-axis. 
Similarly, this procedure continues until all the peptide planes are put in the 
suitable positions. 
4.2.1.2 Procedure 
We only have the relative positions of atoms in an amino acid but not a 
peptide plane. Therefore, to determine the coordinates of atoms in a helical 
structure, an algorithm is established to implement the concept in a helical 
structure formation. 
(i) According to the procedure of peptide plane formation, the first peptide 
plane is assumed forming on the X-Y plane. 
(ii) The alpha carbon atom of the second amino acid is then translated to the 
origin (0,0,0). 
(iii) The coordinates of atoms in amino acids are then moved to the 
corresponding positions. 
(iv) The atoms in amino acids are then rotated 100�about X-axis. This 
procedure is to simulate the rotation angle between two peptide planes. 
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(V) Afterwards, the whole structure is rotated and translated in order to move 
the nitrogen atom of the second amino acid to the X-axis. However, the 
alpha carbon of the second amino acid is still located at the origin (0,0,0). 
(vi) Then the third amino acid is added to the second amino acid according to 
the process of peptide plane formation. 
(vii) Go back to step (ii), replace the second amino acid with the third amino 
acid. This procedure continues until all the amino acids in a helical structure 
are moved to suitable positions. 
A22 Sheet structure 
The sheet structure in a protein molecule is not as smooth as a paper. The 
sheet structure is somewhat like a paper which is fold several times. 
Y-axis Z-axis Z-axis Y-axis 
— ^ ^ X-axis X-axis 
⑷ ’ <to) 
^ vy Z-axis Y-axis Z-axis Y-axis 八 
<c) (cO 
Figure 15. The process of peptide planes formation in a 
sheet structure. 
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In a sheet structure, the rotation angle between two peptide planes changes 
alternatively from 180�to 0� . In (a) of Figure 15, a peptide plane is first placed 
on the X-Y plane. The second peptide plane is then attached to the first peptide 
plane. Afterwards, the second peptide plane is rotated 180�about the X-axis, just 
like (b) in Figure 14. This two peptide planes are then moved until the second 
peptide plane is placed on the X-Y plane. The third peptide plane is then attached 
to the second peptide plane. However, the third peptide plane does not rotate 
about any axis. However, the whole structure is then translated until the third 
peptide plane is placed on the X-Y plane. Afterwards, the fourth peptide plane is 
connected to the third peptide plane. The fourth peptide plane is then rotated 180� 
about the X-axis, just like the second peptide plane. This procedure repeats until 
all the peptide planes are connected. 
423 Turn structure 
The meaning of "turn" is that the direction of the peptide bond formation 
turns 180�from its original direction. The turn structure in a protein molecule is 
always formed by four amino acids.. 
In a turn structure, the rotation angle between two peptide planes is 0� . 
Thus, it is not necessary to rotate any angle between two peptide planes. The first 
peptide plane is placed on the X-Y plane first. The second peptide plane is then 
attached to the first peptide plane. The subtended angle between two peptide 
planes is 109.5�. 
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Afterwards, the second peptide plane is then moved to the X-Y plane. At the same 
time, the first peptide plane also moves to the corresponding position. The third 
peptide plane is then connected to the second peptide plane. The formation 
process proceeds until the turn structure is formed. 
Y-�x丨s Z-ayds Y-axis Z-axis 
—— X-axis ——�^^^ X-axIs 
<a) 
Z-axis ^ 
m ' - 象 
""“^  X-axIs — r ^ X-axis 
\ \ <c) (cO 
Figure 16 The process of peptide planes formation in a turn 
structure. 
In Figure 17, the picture shows that it is not necessary to alter the rotation 
angle among the first four peptide planes. However, the rotation angle between the 
fourth and the fifth peptide plane in a turn structure must be 180�. Otherwise, the 
atoms in the first and the fifth peptide plane will collide together. 
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1 2 1 2 
( a ) ⑷ 
Figure 17 • The turn structure of a protein 
molecule, (a) The direction of peptide planes among 
the first four amino acids, (b) The rotation angle 
between the fourth and the fifth peptide plane is 
180-. 
4.2.4 Anti-parallel sheet and turn structure 
Two sheet structures run in similar direction are called a parallel sheet. If 
they run in opposite direction, the whole structure is called an anti-parallel sheet. 
The anti-parallel sheet structure is always linked by a turn structure. 
^ Anti-parallel sheet strucLuxe / 
1 2 
( 而 n——^ I 
Figure 18. The structure of an anti-parallel sheet. This 
picture also shows that an anti-parallel sheet structure is 
always linked by a turn structure. 
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4.3 Random factor in rotation angle of peptide planes 
An amino acid not predicted as helical, sheet or turn structure is finally 
classified as a random coil structure. In random coil, the rotation angle between 
two peptide planes is arbitrary. At this stage, there is not enough information for 
us to determine the rotation angle between two peptide planes in random coils. 
The simplest way for solving this problem is to create a function which generates 
a random value falling in the range from 1 to 360. 
4.4 Atomic size 
Although an atom is so small in size，it still occupies space. Different atoms 
have different radii. For example, the radius of a hydrogen atom is 0.037 nm, a 
carbon atom is 0.074 nm and a nitrogen atom is 0.074 nm. When the distance 
between two atoms is close enough, a covalent bond is formed. Nevertheless, in a 
protein molecule, atoms in different amino acids would not form a covalent bond 
except those peptide bonds and disulphide bonds. Therefore, a concept "atom 
collision" is defined. The radii of two atoms are the best information to determine 
whether the atoms collide or not. If the distance between two atoms is smaller than 
the summation of their radii, "atom collision" occurs. 
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4.5 Tertiaiy structure prediction algorithm 
In my protein tertiary structure prediction system, two main rules must be 
obeyed. The first rule is that two atoms cannot be too close to each other; that is, 
"atom collision" is prohibited. Secondly, the process of solving the collision of atoms 
must not break the secondary structures which are predicted previously. The best 
way for solving the "atom collision" problem is to change the rotate angle between 
two peptide planes which are belonged to a random coil. It is because changing the 
structure of random coils would not affect the secondary structures of a protein 
molecule. 
42 
The protein tertiary structure prediction algorithm is described as follows : 
ptr ~ pointer points to an amino acid sequence. -
copy(aa) -_ The coordinates of atoms of an amino acid is copied to 
memory locations which contain the final coordinates of 
atoms of a protein molecule 
ptr = 0; 
copy(aa); 
rotate a nitrogen atom on the X-axis; 
ptr = 1; 
Do while ptr < = the number of amino acid in a protein molecule { 
copy(aa); 
calculate the position of the alpha-carbon in ptr-> amino acid; 
shift the alpha-carbon of ptr-> amino acid to that position; 
check whether atoms in ptr-> amino acid are collided with other 
atoms; 
if atom collision occurs { 
solve atom collision problem until no atom collision is 
occurred; 
move the whole molecule so that the coordinates of the alpha carbon 
of ptr-> amino acid = 0,0,0 
if ptr-> amino acid = random coil { 
if previous amino acid = turn { 
rotate atoms in ptr-> amino acid about X-axis with 180 
degrees; 
} 
bond一angle = generate a random angle between 1 to 360; 
rotate atoms in ptr- > amino acid about X-axis with 
bond一angle; 
} 一 
if ptr-> amino acid = helical structure { 
rotate atoms in ptr-> amino acid about X-axis with 100 
degrees; 
} if ptr-> amino acid = sheet structure { 
if ptr-> amino acid is the even number amino acid in the 
sheet structure. { 
rotate atoms in ptr- > amino acid about X-axis with 180 
degrees; 
} 
} ptr = ptr + 1; 
} 
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Solve collision routine : 
back_j)tr ~ pointer points to an amino acid; 
backj)tr = ptr - 1; -
Repeat { 
time = 0; 
Repeat { 
rotate atoms in backj)tr-> amino acid about X-axis with 15 
degrees; 
time = time + 1; 
check atom collision occurs or not; 
} 
until no collision occurs or time > = 24; 
if collision still occurs { 
Find another amino acid which is predicted as a random coil. 
} 
} 
until no collision occurs or backjjtr < 0; 
if backj)tr < 0 { 
exit the system and display error message 
} 
Check atom collision routine : 
ptr •_ pointer points to current amino acid 
Total一amino一acid -- The number of amino acid in a protein molecule 
Collide - "a flag which indicates whether atoms collide or not. 
Collide = 0 /* No atom collision »/ 
ptr = 1; 
For (counterl = 1 to Total amino acid { 
For (counter2 = 1 to atoms of an amino acid that pointed by ptr) { 
Find atom radius; 
For (counters = 1 to all atoms in a protein molecule 
except those atoms belong to an amino acid that 
pointed by ptr) { 
Find atom radius; 
Sum一radii = Sum atom radii; 
Dist~= Calculate the distance between two 
atoms; 
Tf ( Slim rpHii > Dkt� 







Our project mainly includes two parts: 
(i) To determine the coordinates of atoms in the tertiary structure of a protein 
molecule from the primary structure of a protein molecule. 
(ii) To display the graphic image of a protein molecule in a monitor, and 
furthermore, provide facilities so that the user can directly manipulate the graphic 
image interactively. 
In this chapter, primarily, the hardware and software facilities which are 
used to implement our project are briefly described. The user-defined data types, 
data structures and some special techniques used to implement or to improve the 
performance of our project are also discussed. 
5.1 Hardware 
An IBM AT compatible machine is used to implement our project. This 
machine uses a Intel 80386 microprocessor. The graphic image of a protein 
molecule, in general, is quite complicated. A monitor with high capacity in 
resolution and colour must be adopted to show a complicated picture. The NEC 
3D MultiSyn monitor is selected. Furthermore, a VGA (Video Graphic Array) 
adaptor is used to communicate between the machine and the monitor. 
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From the view point of software engineering, our project can be classified 
as a rule-based expert system. This system is composed of many rules to build the 
secondary structures and the tertiary structure of a protein molecule. Moreover, the 
tertiary structure of a protein molecule is displayed on a screen. Comparing to 
Prolog, the C language is weak in rule manipulation. However, its rich set of built-
in functions for graphics and image manipulation is good enough for us to 
implement our project. Therefore, C is used in our software implementation. 
Machine (microprocessor) 80380 SX (20 MHz) 
Graphic interface VGA (Video Graphic Array) 
Main Memory 2M bytes 
Operating system DOS 3.3 
Programming language Turbo C 2.0 
5*2 User-defined data types and data structures 
Our system accepts the amino acid sequence of a protein molecule as basic 
information. Each amino acid, in biochemical notation, can be represented by a 
capital letter. A capital letter "G" represents amino acid glycine. "H" is used to 
represent histidine. Therefore, an array of characters can be used to store the amino 
acid sequence. 
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In protein secondary structure prediction, the state of an amino acid in a 
protein molecule can be represented by "H", "B", "T, or "C" character. "H" is used -
to represent helical structure. "C", "B" and "T. represent the random coil, sheet 
structure and turn structure respectively. Hence, an array of characters can be used 
to contain the results of prediction. 
In protein tertiary structure prediction, a list of coordinates of atoms are 
finally created. Each atom has its X-, Y- and Z-coordinates. Moreover, a character 
field must be used to represent the atomic type. In this way, a record containing 
atomic type and its coordinates call "atomic coordinates" can be created for each 
atom in the tertiary structure. 
It is because a character 
Record of atomic coordinates 
occupies a byte and a real Atom t y p e ： character 
X-coordinate : real 
number takes four bytes. Y- c o o r d i n a t e : r e a l 
J Z-coordinate : real 
There fo re , an a tomic 
coordinates record takes 
thirteen bytes. However, under the Disk Operating System (DOS), the maximum 
size of a data segment is 64K bytes. If the size of a group of data is greater than 
64K bytes, errors may occur. Due to this constraint, our system can handle 5000 
atoms only. Therefore, it does not work on a protein molecule which made up of 
more than 5000 atoms. Of course, this constraint does not occur in bigger 
computers. 
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Furthermore, a data file which contains the atomic coordinates of an amino 
acid is created. It is because an amino acid can be viewed as a single unit in 
protein tertiary structure prediction. During peptide plane formation, the whole set 
of the atomic coordinates can be added to the existing structure. 
5.3 Technique in molecule displaying 
One of the aims in computer graphics is to display objects in realistic sense. 
There are many methods to display objects with depth sense. They are shading, 
rendering and ray tracing. In our protein modeling methodology, shading technique 
is adopted. (The shading algorithm of a sphere is described in Appendix D) 
There are different atoms in a molecule. In general, different atoms are 
represented by different colours and sizes. The radius of a carbon atom is greater 
than that of a hydrogen atom. If a red sphere represents a carbon atom and a 
green sphere represents a hydrogen atom, you will see that a red sphere is greater 
than a green one. 
Z-buffer is one of the techniques to remove hidden line or hidden surface 
[34]. The advantage of the Z-buffer technique is its constant speed in image 
generation regardless of the complexity of the image. However, this technique uses 
a lot of memory locations. A picture formed by 640 * 480 pixels and 256 different 
colours needs 1.2M bytes. Although this amount of memory location is available 
in many workstations, it is a burden on the IBM micro-computer. After evaluating 
the speed, memory utilization and complexity of the algorithms, an algorithm that 
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put images of atoms on a screen is finally employed. 
The plane of a screen is defined as the X-Y plane of a three dimensional 
space. As the positive Z-axis points directly to the user, an object with a small 
value in Z-coordinate may be obscured by other objects having greater Z-
coordinates. Therefore, the Z-coordinates of atoms of a molecule are sorted in an 
ascending order. The image of an atom with smallest value in Z-coordinate is first 
put on a screen. The image of other atoms are then put on a screen one by one. 
The final picture is generated after all the images of atoms are sent to a screen. 





5.4 Image processing 
Generate the picture of a sphere by the shading technique requires, on 
average, 2 to 5 seconds. If a molecule has thousands of atoms, the whole picture 
can take more than one hour to create. It is not feasible in interactive graphic 
manipulation. Therefore, image processing techniques are adopted in order to 
improve the performance. 
The graphic image of each kind of atom is first generated and saved in a 
data file. When a particular atom is to be displayed on a screen, the graphic image 
of this atom is sent to a screen rather than using shading techniques to generate. 
In this way, only several seconds are required to create the display of a molecule 
having hundred atoms. 
A graphic image, in general, is bounded by a rectangle. In molecule 
modeling, images of sphere are displayed on a screen. There are two rectangular 
graphic images rather than one rectangular image are put on a screen in order to 
generate the desired image of a sphere. 
In VGA (Video Graphic Array) standard, a single byte is used to represent 
a single colour. There are 256 different combinations in a single byte. Hence, 256 
different colours can be shown on a screen simiiltaneoiislv. The colour "black" is 
always represented by bit map 0. It means that all the bits in a byte are set to 0. 
However, the colour "white" is represented by bit map 255, i.e. all the bits in a byte 
are assigned to 1. 
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"AND" and "OR" operations are always used in image processing. In "AND" 
operation, a "0" bit is generated if there is only one "0” among those bits. However, _ 
in "OR" operation, a "1" bit is gained if there is only one "1" among those bits. 
According to this logic and the above-mentioned description, the "black" 
colour is overridden by any other colour in an "OR" operation. In an "AND" 
operation, the "black" colour overrides other colours. Similarly, in an "OR" 
operation, the "white" colour overrides other colours. It should be noted that in an 
"AND" operation, the "white" colour is overridden. 
Black AND any colour Black 
Black OR any colour = > any colour 
W h i t e A N D any colour => A n y colour 
White O R any colour W h i t e 
In our project, two ” — 
r BacX in color 
images, let say, foreground 
image and background image ^ 丄 ^^^^^ 
are created first. In foreground image Background image 
background image, a circle 
with "black" colour is embedded in a square which is "white" in colour. 
Nevertheless, a circle with a desired colour is embedded in a square which is 
"black" in colour in the foreground image. 
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In handling the image of a sphere, the background image is first put on a 
screen by an "AND" operation. According to the bit operations, a circle with "black" -
in colour is then put on a screen. It is because in an "AND" operation, the "white" 
colour is overridden. Afterwards, the foreground image is put on a screen with 
same location of the background image by an "OR" operation. Thus, the "black" 
colour is overridden. In this way, a sphere with a particular colour is finally shown 
on a screen. 
In our project, a pair of images of each atom are first saved in files. When 
an atom is expected to be sent to a screen, the background and foreground images 
of this atom are then put on a screen. Thus, no shading technique is required to 
generate an image every time. 
5.5 Options in our program 
There are five options under the pull-down menu, namely, "File", "Predict", 
"Display", "Manipulate" and "Exit". Using the "File" option, a file containing the 
primary structure of a protein molecule can be loaded into RAM. Furthermore, the 
coordinates of atoms of a protein molecule to be predicted by our methodology can 
be saved into a file too. 
The protein secondary structure prediction algorithms including the GOR 
method, the Chou and Fasman method and the modified Chou and Fasman 
method are put in the "Predict" option. Moreover, the hydrophobicity plot of a 
protein molecule is also embedded in the "Predict" option. A user can choose 
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different methods to predict the tertiary structure of a protein molecule so that the 
results generated by different methods can be compared. 
File t>redfct Display Manipulate Exit 
toad GOR Batl-and-stlck Translate Confirm 
Save Chou and Fasman Residue Rotation Abort 
Modified Chou and Fasman -J Zoom in — 
Hydrophobicity plot Zoom out 
Either the ball-and-stick model or the amino acid residue model can be 
selected in the "Display" option. Translation, rotation and scaling operations are 
provided in the "Manipulate" option for a user to manipulate a molecule 
interactively. A molecule can be translated in the X- and Y-axis. Similarly, a 
molecule can be rotated in the X-, Y- and Z-axis. 
Finally, there are two options in the "Exit" menu, the "Confirm" and "Abort". 
A user leaves this program when "Confirm" is chosen. The default value of the 
"Exit” menu is "Abort". It prevents a careless user from choosing the "Exit" menu. 
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« 
5.6 Steps in protein tertiaiy structure prediction 
Before using this system, an ASCII file containing the primary structure of 
a protein molecule is created. After our system is activated, the "File" option must 
first be selected. Using the "Load" option, a user specifies the file previously 
created. The primary structure of a protein molecule is loaded into RAM. Then 
you can choose one of the options in the "Predict" column. After confirmation, the 
tertiary structure of a protein molecule is then predicted. Several minutes later, the 
final image of a protein molecule is shown on a screen. 
The user can select different options under the "Display" menu to show 
different characteristics of a protein molecule. Furthermore, he/she can also 
manipulate this molecule by selecting options under the "Manipulate" menu. If the 
coordinates of atoms of this molecule are to be saved, the "Save" option in the 
"File" menu must be chosen. 
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Chapter 6 
Results 
Two prediction algorithms are proposed in this project. The former predicts 
the secondary structures of a protein molecule while the latter predicts the tertiary 
structure of a protein molecule. 
6.1 The result of protein secondary structure prediction 
The structure of a native protein molecule can be determined by X-ray 
crystallography. As mentioned before, there are four types of secondary structures 
in protein molecules : helix, sheet, turn and random coil. The state of an amino 
acid in a protein molecule belongs to only one of these four types of the secondary 
structures. Suppose that an amino acid in a protein molecule belongs to a helical 
structure. If the result of prediction also indicates that this amino acid belongs to 
a helical structure, we can say that the algorithm is successful to predict the state 
of this amino acid. 
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HHHHHHBBBBBTTTTBBBBBCCCCC native state 
HHHHHBBBBTTTTCCCBBBHHHHH predicted state 
ttttt ttt tt ttt 
H : heliK 
B : sheet 
c : random coil 
T : turn 
Figure 27. Amino acids pointed by arrow are successful in 
prediction. 
There are many methods to evaluate the predictive schemes for the 
secondary structures of a protein molecule. The best and the simplest way to 
estimate the power of prediction of a predictive scheme is the fraction of amino 
acids correctly assigned. The power of prediction f is represented as 
f = (V^+P / ( v y = / N [24] 
where F^ is a number of amino acids observed in a secondary structure S. The 
summation of amino acids in all the secondary structures S is equal to the total 
number of amino acids, N. F+j is the number of amino acids correctly predicted 
in the secondary structure S. The fraction f can be conveniently transformed on a 
percentage basis {f X 100%). 
Different kinds of prediction methods give different prediction results in 
different protein molecules. For "A" protein molecule, the Chou and Fasman 
method gives a better result than the GOR method. However, for ”B" protein 
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molecule, the result of the GOR prediction method is better than that of the Chou 
and Fasman method. The average power of prediction for all protein molecules in 
a database is the best indicator to determine which method gives the best result of 
prediction. This evaluation criterion is proposed by Kabsch and Sander [24]. 
The native state of protein molecules in table I and II are obtained from 
Urn's paper [49] in which the turn structure is neglected. In Urn's research, he 
predicted the helical, sheet and random coil structure in protein molecules. Thus, 
Lim's paper only provides information on three types of secondary structures in 
protein molecules. In this project, two different methods are used in order to test 
which one gives a better result. First, like Lim's approach, the prediction for turn 
structure is not attempted. Hence, this prediction method only predicts helix, sheet 
and random coil. The power of prediction is 44.4% and the results are shown in 
table I. In another method, the turn structure prediction algorithm is used. 
However, amino acids predicted as turn structures are classified as random coil. It 
is because turn structure is classified as random coil structure in Lim's method. The 
power of prediction of this method is better than the previous one. The successful 
percentage is 59.22 and the results are shown in table II. 
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Table I. The prediction power of 16 protein molecules in 3 
states (helix, sheet and random coil) • 
Protein Total amino acid in percentage 
residue right states (%) 
s 
Cytochrome b^ 93 31 33.33 
Cytochrome c 104 M 56.73 
Cytochrome c^ 112 ^ 27.69 
Elastase 240 78 32.5 
Ferredoxin ^ ^ 48.15 
Hemoglobin 141 88 58.16 
alpha-chain 
Hemoglobin 146 68 46.57 
beta-chain 
Lysozyme ^ 51.94 
Myoglobin 153 97 63 .40 
Nuclease 149 74 49.66 
Papain 23^ ^ 36. 68 
Ribonuclease 124 63 50.81 
S 
Rubredoxin 54 22 40.74 
Subtilisin 275 123 44.73 B ^ 
Trypsin 58 35 60.34 
inhibitor 
Trypsinogen 229 71 31. 00 
Average 2273 1009 44.40 
In another aspect, protein molecules can be classified into four groups 
depenaing on tneir secondary structures. These four groups are all-helix, all-sheet, 
helix/sheet and helix + sheet. Protein molecules containing no sheet structure are 
included in the all-helix group. Protein molecules do not have any helical structure 
are included in the all-sheet group. 
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Table II• The prediction power of 16 protein molecules in 
4 states (helix, sheet, turn and random coil)• 
Protein Total amino acid in percentage 
residue right states (%) 
s 
Cytochrome b^ 93 ^ 41.94 
Cytochrome c 104 ^ 64.42 
Cytochrome c， 112 ^ 59.82 
Elastase 62.08 
Ferredoxin ^ 43 79.63 
Hemoglobin 141 64 45.39 
alpha-chain 
Hemoglobin 146 64 43.83 
beta-chain 
Lysozyme 75 58.14 
Myoglobin 71 46.4 
Nuclease 69.13 
Papain 21^ 61.79 
Ribonuclease 124 67 54.03 
S 
Rubredoxin ^ ^ 62.96 
Subtilisin 275 195 70.91 m ^ 
Trypsin 58 34 58.6 
inhibitor 
Trypsinogen ^ 62.44 
Average 2273 1346 59.22 
Protein molecules which contain helical and sheet structures occurring 
randomly are included in the helix + sheet class. However a nrotein molenile iq 
classified as the helix/sheet group if its helical and sheet structures occur 
alternatively. 
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15 protein molecules in Table II are divided into four groups as mentioned 
above. Four protein molecules are included in the all-helix group. Four are 
classified as members of the all-sheet group. Six and one protein molecules are 
categorized in the helix + sheet and helix/sheet groups respectively. However, 
cytochrome Cj cannot be categorized in any of these four groups since there is not 
enough scientific information to classify it. 
Protein molecules belonging to the all-helix group do not possess any sheet 
structure. Similarly, in the all-sheet group, protein molecules do not contain any 
helical structure. Hence, two additional rules can be drawn 
Rule 1: There is no need to predict sheet structure of a protein molecule in 
the all-helix group. 
Rule 2: The prediction algorithm for helical structure would not give a better 
result if a protein molecule is in the all-sheet group. 
The secondary structures of protein molecules in the helix + sheet and 
helix/sheet groups do not have any special characteristic. Therefore, no additional 
rule can be drawn from the helix/sheet and helix + sheet groups. 
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Protein molecules belonging to the all helix group can be used to assess the 
effectiveness of rule 1. The prediction results for this group protein molecules 
without using rule 1 are first obtained. Afterwards, rule 1 is employed in the same 
algorithm. Another set of prediction results is then generated. 
Table III. The prediction results of protein molecules 
belonging the all-helix group are predicted by two 
different methods. 
Protein Rule 1 is not Rule 1 is used 
used 
Cytochrome c 64. 42 69.23 
Hemoglobin 45.39 56.74 
alpha-chain 
Hemoglobin 43.83 69,18 
beta-chain 
Myoglobin 46.4 81. 05 
Average 50.92 69.30 
Table IV. Proteins in the all-sheet group are predicted by 
two different methods. 
Protein Rule 2 is not Rule 2 is used 
used 
Elastase 62.08 52.08 
Ferredixon 79.63 79.63 
Rubredoxin 62.96 90.74 
Trypsinogen 62.44 73.80 
Average 63.95 66.90 
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In table III, the middle column shows the prediction values without using 
rule 1. On the other hand, the right hand side column shows the prediction values 
when rule 1 is employed. It is easily seen that the prediction values for individual 
protein molecule increase when rule 1 is used. The average prediction measure 
also increases from 50.92 to 69.30. 
Similarly, in table IV, different prediction results for protein molecules in 
all-sheet group are obtained. Obviously, rule 2 is useful in predicting protein 
molecules without any helical structure. The average prediction result also improves 
from 63.95 to 66.90. 
The average prediction value in table II increases from 59.22 to 64.85 when 
both rules 1 and 2 are used. 
6«2 The results of protein tertiaiy structure prediction 
A list of coordinates is the usual output of the tertiary structure prediction 
of a protein molecule. As a measure of their success, most investigators reported 
the root mean square (r.m.s.) deviation of the atomic positions in their models 
from those obtained using crystallographical methods. 
There are two procedures commonly used to calculate the r.m.s. deviation 
:the rotation and interatomic distances method. The former is used in investigating 
questions of evolutionary similarity, and the latter one is normally evaluated in 
folding studies. 
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The r.m.s. deviation based on the rotation method is computed as : 
tlr = y - yi f / n) (2) 
where �,y:- are the atomic coordinates of the atoms in the crystal structure and n 
is the total number of atoms in that protein molecule. 
The r.m.s. deviation based on the interatomic distances method is computed as : 
y - / n2) (3) 
d" = J ((x^ . _ xjf + (y^ . - yy)2 + (z； (4) 
where d" are the interatomic distances between atoms in the crystal structure and 
e^ y are the interatomic distances between atoms in the generated structure. The 
xy, yy, Zj are the X-, Y-, Z-coordinates of an atom that is generated by a predictive 
method. The x^，y丨，z丨 are the X-, Y-, Z-coordinates of an atom that is obtained by 
crystallographicl methods. 
Cohen and Sternberg discovered that the Od was not a good criterion to 
assess the result of prediction of a protein molecule. It was because they found that 
when the generated structure was translated in any direction, Cld would fluctuate 
very sharply. However, they found that this phenomenon would not occur when the 
generated structure was rotated[12]. 
Furthermore, Cohen and Sternberg[12] developed the following equation 
that relates the number of amino acids in a protein molecule chain "N" to the r.m.s. 
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deviation ((ir) of a randomly generated structure from its native structure. 
Or = 0.0468 N + 9.25 (5) 
For example, if a protein molecule has 105 amino acids, the Cir in the above-
mentioned equation would have a value 14.16. This value indicates that there is 
14.16 rotation deviation between a native protein structure and a randomly 
generated structure of the same protein sequence. 
The prediction algorithm can be evaluated by the llr between the randomly 
generated structure and the predicted structure. The Or of a predicted structure can 
be calculated from equation (2). Thel^r of a randomly generated structure of this 
protein can be obtained from equation (5). If the lir of the predicted structure is 
less than that of a randomly generated structure, it means that the predicted 
structure is better than a randomly generated structure. The lower the Or value is, 
the better the result of prediction is. 
The coordinates of atoms of a tricosanthin molecule are used to assess our 
prediction algorithm. Tricosanthin contains 234 amino acids and with totally 1806 
atoms. The Or of the randomly generated structure of a tricosanthin molecule is 
equal to 
0.0468 * 234 + 9.25 = 20.20 
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To calculate the minimum rotation deviation of the tricosanthin, the native 
structure of a tricosanthin molecule was first fixed. The predicted result of a 
tricosanthin molecule was rotated around the X-axis and Z-axis in order that the 
minimum rotation deviation could be obtained. A tricosanthin molecule was 
rotated around the X-axis and Z-axis from 1 to 360�with 1�increment. Therefore, 
129600 (360 * 360) rotation deviations would be generated. The minimum value 
in these 129600 combinations is selected as the minimum rotation deviation. 
The atomic radius was also Table V. The r o t a t i o n d e v i a t i o n 
(Or) of the tricosanthin which 
used as a constraint in protein was p r e d i c t e d by o u r a l g o r i t h m . 
folding. The atomic radius varies . . 
atomic minimum 
r ^ ^ ^ , ‘ 、 rad ius r o t a t i on 
from 0 to 0.6 angstrom (10 口m). dev ia t ion 
The atomic radius of carbon atom � • � ^^ • 
0.1 10.85 
is 0.74. Half of this length 0.37 is 
b 21.17 
also used to evaluate the results of 0.3 22.74 
I , 0.37 17.85 prediction. 
17.85 
14.06 
In Table V, the minimum 0.6 19.64 
rotation deviation Or of a 
tricosanthin molecule was 10.85. It is good enough to demonstrate the effectiveness 




A new methodology in predicting the tertiary structure of a protein molecule 
has been described here. This methodology consists of two parts, the first part is 
an algorithm to predict the secondary structures of a protein molecule. The second 
part is a method which predicts the tertiary structure of protein molecules. This 
chapter mainly discusses the significance, advantages and disadvantages of the 
algorithm and the method. Further development of our protein structure prediction 
method and possible solutions to improve the results are also depicted. 
7.1 Comments on the protein secondaiy structure prediction algorithm 
7.1.1 Advantages and disadvantages 
Our prediction algorithm for protein secondary structure is based on the 
Chou and Fasman method. Therefore, this new algorithm still reserves the 
advantages inherited from that method; that is, fast in speed, simple in theory and 
good results in prediction. Furthermore, many rules are also added to our 
algorithm. The purpose is to reduce the errors inherited from the original Chou 
and Fasman method. 
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There are at least four amino acids to form a helical structure. Similarly, no 
less than three amino acids are required to form the sheet and turn structures. The 
ineligible helical, sheet and turn structures previously mentioned are eliminated by 
our additional rules. If a protein molecule comprises of helical or sheet structure 
only, either helical or sheet structure are to be predicted. The advantage of this 
rule not only solves the regional overlapping problem in the Chou and Fasman 
method, but also increases the accuracy in prediction. 
1.12 Further development 
Though the prediction results of our algorithm are still not good enough, it 
is not a dead end. Some possible techniques can be used to improve the prediction. 
First, the parameters of the Chou and Fasman method are generated by the 
statistical assumption. These parameters come from not more than 30 protein 
molecules. There may be bias towards some amino acids due to insufficient data. 
As more tertiary structures of many protein molecules have been discovered by the 
X-ray crystallography for ten years, these parameters should be updated in order 
to minimize the undesirable bias. 
Moreover, the parameters are obtained from the observation of the 
behaviour of a single amino acid. Gamier and his colleagues find that their 
prediction results increase slightly if the behaviour of pairs of amino acids are 
considered [24,25]. According to this research direction, three or more consecutive 
amino acids in a protein sequence may provide more constraints in a protein 
molecule folding. These constraints may offer a new potential to increase the 
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prediction accuracy. 
12 Discussion on X-ray ciystallographic data 
The coordinates of atoms in a protein molecule are obtained by the X-ray 
crystallography. These data are now used to assess the results of a predictive 
scheme in protein tertiary structure prediction. However, some scientists regard 
that the X-ray ciystallographic date cannot reflect the native structure of a protein 
molecule. They believe that the native structure of a protein molecule changes 
from time to time. 
On the other hand, many scientists believe the X-ray crystallographic data. 
It is because they observe the foUowings : 
a. A protein molecule can perform its function in a crystal state. 
b. Atoms in a crystal state still vibrate in a small range. 
c. There are water molecules inside a protein crystal. 
Therefore, to a certain limit, the X-ray crystallographic data provide a 
reasonably good three dimensional structure information of a protein molecule. 
Nevertheless, the X-ray crystallographic data is the only information to assess 
different prediction aleorithms. 
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73 Comments on the protein tertiaiy structure prediction algorithm 
7.3.1 Advantages and disadvantages 
Our algorithm in protein tertiary structure prediction is based on the theory 
of geometry. The basic structural unit in protein molecules is a peptide bond. Some 
atoms in peptide bond rest on a same plane. Due to this special characteristic, 
therefore, using geometrical theories, the relative positions of atoms on this plane 
can be determined. Furthermore, in a protein secondary structure, the rotation 
angle between two peptide planes is well defined. The coordinates of other atoms 
in this secondary structure can thus be deduced. In this way, this algorithm can be 
easily understood and implemented. 
The state of some amino acids in protein molecules are classified as random 
coil. The rotation angle between two peptide planes in random coil structure 
cannot be well determined. Hence, a random factor is employed in our algorithm 
to generate a random rotation angle value. Although it is not a good way to solve 
this problem, it is better than assigning an arbitrary value. Furthermore, our 
algorithm also considers the repulsive force between two atoms. If the distance 
between two atoms is too close, the rotation angle between two peptide planes is 
modified so that atom collision is impossible. 
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Our algorithm has a good theoretical basis. Besides, another good point is 
the performance. The tertiary structure of a protein molecule with 200 amino acids 
can be constructed within 6 minutes. It is much faster than the energy minimization 
method. 
However, our algorithm in protein tertiary structure prediction still has 
weakness. Atoms in side chain group would not form covalent bonds with other 
atoms except the sulphide atoms. Two sulphide atoms in some cases can form a 
disulphide linkage so that protein molecules becomes more stable. Although 
disulphide linkage is a valuable information in protein structure, our algorithm at 
this stage cannot handle this situation. 
132 Further development 
7.3^.1 Rotation angle between two peptide planes 
First, the subtended angle between side chain and main chain of a protein 
molecule can be considered to refine the coordinates of atoms in a protein 
molecule. Islam and his colleagues find that there is a relationship between side-
chain conformations and the secondary structures in globular protein molecules 
[51]. The side chain group of an amino acid, which forms a secondary structure, 
always makes a particular angle to the main chain. This angle can help us to adjust 
the positions of atoms in the side chain group. Furthermore, the main chain of a 
protein molecule is determined by the planes of peptide bond. Though the rotation 
angle between two peptide planes has been determined in helical, sheet and turn 
structure, we still cannot find the rotation angle between two peptide planes in 
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random coil structure. Thus, to determine the rotation angle between two peptide 
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The overall three dimensional structure of a molecule. In general, the 
conformation of a native molecule always changes. 
DNA : 
Deoxyribonucleic acid (DNA). The basic unit carries the inherent 
information. 
Enzyme : 
Specific proteins which catalyse biological and chemical reactions. 
Globular protein : 
The conformation of a protein likes a sphere. This kind of protein always 
dissolves in water. 
Homology : 
Proteins which came from a common ancestor are called homology protein. 
Insulin ： 
A kind of protein which converts glucose into glycogen. 
Membrane protein : 
Protein molecules which are embedded in membrane. 
Mutant ： 
Bacterion, virus or substance which changes its nature by x-ray or chemicals 
is called the mutant of its original species. 
Polypeptide : 
Many amino acids are joined together by polypeptide bond. This amino 
acids sequence is called polypeptide chain or protein primary structure. 
Reactant ： 
A substance reacts with enzyme. 
Vaccine : 
A kind of substance which can kill bacteria or virus. 
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Appendix A 
Algorithm in hydrophobic value determination : 
0_H[n] : hydrophobic value of an amino acid 
F_H[n] : hydrophobic value of an amino acid in a protein molecule 
Begin 
read amino一acid一no; 
read window size; && (positive odd number) 
half一window一size = (window一size - 1) / 2 
start_position = half一window一size 
end_position = amino一acid一no - start jjosition 
For i : = start_position to end_position { 
temp = 0 
For j := (i - half window) to (i + half一window) { temp = temp + 0_H|j] 
} 一 
F一H[i] = temp / window一size 
End 




Algorithm of the Chou and Fasman method 
Helical structure prediction 
Begin 
Read amino一acid_no 
startj)osition = 1 
end_positioii = amino一acid一no - 5 
For i : = start_position to end_position { 
helical一former = 0 
probability = 0 
proline = 0 
For j := i to i+5 { 
helical一former = helical一former + 
state一of(amino一acidU]) 
probability = probability + proSkbility一of厂 
amino一 aci 勒） 
proline = proline + is_proline(amino一acid[j]) 
if helical—former > = 4 and proline > = 1 and 
probability > = 1.03 { 




if amino一acid[iT = strong—helical一former or helical一former { 
return 1 一 
} 
if amino一acid[j] = weak一helical一former { 
return 0.5 一 一 
} 
probability一0f(amin0-acid[j]) 
return (the probability that forms a helical structure of the amino acid|j]) 
is prolinefamino acidHl� 





Sheet structure prediction 
Begin 
Read amino一acidjio 
startjposition = 1 
end_j)osition = amino一acid一no _ 4 
For i : = start_position to end_position { 
sheet一former = 0 
probability = 0 
proline = 0 
For j := i to i+4 { 
sheet一former = sheet一former + 
state_of(ainino_acid[j]) 
probability = probability + probability_off 
aiiiino_acid[j]) 
} 一 
if sheet一former > = 3 and probability > = 1.00 { 
from i to i+3 mark as sheet structure 
} 
} End 
state_of(amiiio 一 a c i d [ j ] ) 
if amino一addUT = strong—sheet一former or sheet一former { 
return 1 “ " 
} 
if amino一acid[j�=weak一sheet一former { 
return 0.5 一 
} 
probability_of(aminoacid[j]) 
return (the probability that forms a sheet structure of the amino acid[j]) 
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Turn structure prediction 
Begin 
read amino一acid一no 
start_position = 1 
end_position = amino一acid一no 一 3 
i = startj)osition 
while (i < = end_j)Osition) { 
temp = 1 
For j := i to i+3 { 
temp = temp • probability一of(amino_add[j]) 
If temp > 0.75 » 10-4 { “ 一 
from i to i+3 mark as turn structure 
i = i + 3 
} i = i + 1 
} End 
probability_of(amino_acid[j]) 
return (the probability that forms turn structure of the amino acid[j]) 
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Appendix A 
Algorithm of the GOR method 
S[n] : probability of an amino acid in helical structure formation 
B[n] : probability of an amino acid in sheet structure formation 
T[n] : probability of an amino acid in turn structure formation 
C[n] : probability of an amino acid in random coil structure formation 
F[n] : final predicted state of an amino acid 
window一size = 17 
half一window一size = 8 
Begin 
read amino一acid一no; 
startjposition = 0 
end_position = amino acid一no 
For i : = start_position to end_position { 
tempS = 0 
t emp) = 0 
temp:T = 0 
temp:C = 0 
For j := (i - half一window) to (i + half—window) { 
if (j > 0 and j < amino一acid一no) { 
tempos = tempjs + S[aniino acid[j]] 
temp_B = temp_B + B[amino acidQ]] 
temp"T = temp二T + T[amino acid[j]] 
temp一C = temp一C + C[ainino acidjj]� { ” “ 
F[i] = Max(temp_S,temp_T,temp_B,temp_C) 
} End 
Max(A,B,C,D) 
return (the maximum value of these four values) 
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Appendix A 
The shading algorithm of sphere is listed as follows 
A sphere with radius R and canter (a,b,c), the circle in xy plane can be 
written in the form 
g(x,y) = Ax + By + C - Q = 0 (1) 
where A = 2a, B = 2b, C = R^ - a^  -b^ and Q = x^  + y: • Since the symmetrical 
property of sphere, the upper hemisphere that Z > z can be seen by the user. The 
Z value of upper hemisphere can be written as 
z = c - y(R2 - (X - a)2 - (y - b)^ ) (2) 
The equation (2) can be approximated as 
z = c - (R2 - (X _ a” - (y - b)2) / R (3) 
The hemisphere becomes a paraboloid. Now let the unit vector of normal N of a 
point at (x,y,z) of the sphere with radius R at canter (a,b,c) will become as 
N = (1/R) (x - a, y - b, z - c) 
=(1/R) (x - a, y - b, - (X - a)2 - (y - b)^ )) (4) 
A light source L at infinity with unit vector The maximum highlight on 
the sphere is (Rl^  + a, Rlj+b, Rlj + c). If the maximum colour intensity is denoted 
as CMAX and the minimum colour intensity is denoted as CMIN. Then the colour 
intensity at point (x，y，z) is 
Colour(x,y，z) = CNIN + (CMAX - CMIN)(L N), if L N > 0; 
CMIN, if L N < 0. (5) 
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Using the parabolic approximation of the hemisphere in (3), the L N can be 
approximated as 
L.N » (1/x - a) + l2(y - b)) / R 
-(x-a)2 -(y-b)2)/R2 (6) 
Since the screen is two dimension, the Z-axis is perpendicular to the screen surface. 
Hence, the Colour at point (x,y,z) can be written as 
Colour(x,y) = K(Ax + By + C - Q) + CMIN (7) 
where 
K = - (CMAX - CMIN) / R2 ’ 
A = - I7R + lj2a, 
B = - I2R + 152b, 
C = l^Ra + IjRb + lj(R2 - a^  - b:), 
Q = x2 + 
From equation (2) to equation (3), there is an approximation from square root to 
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